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3. The absorbent article or structure of Claim 1 or Claisi 2 
aT 7 -^"-^"trthtl. Hyer contains „ L 

than 6.0%, by weight, superabsorbent material. 

4. The absorbent article or structure of data 1 or claim , 
wherein s , 1<f acguisltlon/dlstrlbution layer has a top ulc re 
«h.=h ,s less than 90% of the top surface area of said TtoZ 
layer, and said acquisition/distribution layer , s substantially free 
of superabsorbent material. ' rree 

5. The absorbent article or structure of any of Claims 1 to 4 

from 25% to 75% nonchemlcally stiffened celluloslc fibers and the 
upera sorbent materia, of s„d storage layer comprises dUcrl 
particles of absorbent gelling material. 

6 An absorbent structure comprising a thermally bonded fluid 
,uis, t on/distribution layer bavin, an aver,,, dry d.nsit^M 
than 0.30 g/cc and ,„ a, 8r , ge dry basis weight of fro. 0.001 to 0.10 

^ dry"l.r Siti T Str,b,,ti0n ' W <°"™"> *- ™ 
fl 2 T Z Cl, ™ ,Ca, ' y St1ffened "hers and 

3oTt L ' Preferab ' y f ™ » 10 50 *' P^'hly frem 

0% to 50% dry weight basis, of a thermoplastic bonding material; 
said acquisition/distribution Uyer having been made by preparing , 
-of. blend of the stiffened fibers and from m to 

weight of the dry web, of thermoplastic fibrous material, neetlng 
the web to melt the ther»plast1c fibrous material and to thereby 
Provide said thermoplastic bonding material, and cooling the «b 
whereby thermoplastic bonding material, „p,„ MWng J'J^ 

tiffeL TiT t0 f0mS ^ S,t6S " «*"««"«• 
stiffened cellulosic fibers. 
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said acquisition/distributipn layer having a top surface area which 
is at least 15%, preferably. 'from 25% to 100%, of the top surface, 
area of said. fluid storage layer. 

2. An absorbent structure for acquisition, distribution, and 
storage of bodily fluids,* said structure characterized by: 

(i) a thermal % bonded fluid acquisition/distribution 
layer havtpg an average! dry density of less than 0.30 
g/cc, pre^aMy fn?m'Gw02 g/cc to 0.20 g/cc, and an 
average drjr basis weight of from 0.001 to 0.10 g/cm2 t 
preferably from 0-01 g/cm2 to 0.08 g/cm2, said 
acquisitiopj/distributi6iT layer comprising from 50% to 
90%, dry weight basis, chemically stiffened 
cell ulosic fibers and from 10% to 50%, preferably 
from 25% t# 50%, dry. weight basis, of a thermoplastic 
bonding material; said thermally bonded web having 
been ^inade preparing a web of a blend of the 
stiffened '^befs aod.frbm 10% to 50%, preferably from 
25% to , 5^, . by weight of the dry web, of 
thermoplastic fibrous material, heating the web to 
melt/'the thermoplastic fibrous material and to 
thereby prbviii; ; sai4; ihermopl asti c bonding material, 
arwj cool the web, whereby thermoplastic bonding 
material , 4 t#pon melting and subsequent cooling, 
migrates ta and fortns boiid sites at intersections of 
said stiffened , ceTlulosic fibers whereat said 
stiffened cill ulosic fibers are bonded together by 
said, ttifermopt asti c njaterial; and 

(ii) a fluid: storage : layer, positioned beneath said 
acquis i tion/4i stri bution . 1 ayer compri sing at 1 east 
15%, prefer^ly-25%,: by weight of said storage layer, 
of superabsorbent material and from 0% to 85% of a 
carrier means for said superabsorbent material; 

said acquisition/distributlpn layer having a top surface area which 
is at least 15%, preferably from 25% to 100%, of the top surface 
area of said fluid storage layer. 
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1. An absorbent article for acquisition, distribution, and 
storage of bodily fluids, said article characterized by: 

(a) a fluid pervious topsheet; 

(b) a fluid impervious backsheet affixed to said topsheet; and 

(c) an absorbent core disposed between said topsheet and said 
backsheet, said absorbent core having: 

(i) a thermally bonded fluid acquisition/distribution 
layer having an average dry density of less than 0.30 
g/cc, preferably from 0.02 g/cc to 0.20 g/cc, and an 
average dry basis weight of from 0.001 to 0.10 g/cm2, 
preferably from 0.01 g/cm2 to 0.08 g/cm2, said 
acquisition/distribution layer comprising from 50% to 
90%, dry weight basis, chemically stiffened 
cellulosic fibers and from 10% to 50%, preferably 15% 
to 50%, dry weight basis, of a thermoplastic bonding 
material; said acquisition/distribution layer having 
been made by preparing a web of a blend of the 
stiffened fibers and from 10% to 50%, preferably 15% 
to 50%, by weight of the dry web, of thermoplastic 
fibrous material, heating the web to melt the 
thermoplastic fibrous material and to thereby provide 
said thermoplastic bonding material, and cooling the 
web, whereby thermoplastic bonding material, upon 
melting and subsequent cooling, migrates to and forms 
bond sites at intersections of said stiffened 
cellulosic fibers; and 

(ii) a fluid storage layer, positioned beneath said 
acquisition/distribution layer relative to said 
topsheet, comprising at least 15%, preferably 25%, by 
weight of said storage layer, of superabsorbent 
material and from 0% to 85% of a carrier means for 
said superabsorbent material; 
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Ib a further enbbdiient, the storage core comprises about 28% 
of the absorbent gelllna «teri at particles and about 72% of Foley 
fluff, and has basis *eight and density gradients as described 
immediately above. * 
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Iabl£_l 

Stiffened. Twisted. Curled Cellulose f STCCl Fibers 
Type - Southern softwood kraft pulp crossl Inked with glutaralde- 
hyde to the extent of mole percent on a dry fiber cellulose 
5 anhydroglucose basis 

Twist Count Dry - 6.8 nodes/mm 
Twist Count Wet = 5.1 nodes/mm 
Isopropol Alcohol Retention Value = 24% 
Water Retention Value « 37% 
10 Curl Factor - 0.63 

The acquisition/distribution layer 1s formed by metering 
airstreams of the stiffened fibers and PULPEX, and then forming 
the web using conventional airlaying equipment. The web is 
thermally bonded by heating the web by through-air bonding, under 
15 unrestrained (i.e., uncompressed) conditions, and subsequently 
allowed to cool. The acquisition/distribution layer has an 
average dry density of about 0.06 g/cc and an average basis weight 
of about 0.03 g/cm2. The storage layer comprises 50% by weight 
Foley fluff and 50% absorbent gelling material particles, has an 
20 average dry density of about 0.24 g/cc and an average dry basis 
weight of about 0.5 g/cra2. 

The acquisition/distribution layer has dimensions of about 
7.6 cm X 22.9 cm and is positioned relative to the storage layer 
as shown in Figure 1. The storage layer has crotch width (at the 
25 most narrow part of the crotch) of about 8.9 cm, a width at the 
front waist area of about 21.6 cm, and a width at the rear (back) 
waist area of about 16.5 cm. 

In an alternative embodiment, the storage layer comprises 
about 15% of the absorbent gelling material particles and about 
10 85% of Foley fluff and has a basis weight gradient such that the 
front 60% of the storage core has a basis weight of about 0.11 
g/cm2 and a density of about 0.15 g/cc and the rear 40% of the 
storage core has a basis weight of about 0.04 g/cm2 and a density 
of about 0.06 g/cc. 
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blank tea bag are removed and weighed separately. The procedure 
is repeated for t^^^eond „ set of tea bags . The absorbent 
capacity (ac) for eatoi^of tKfc - safiHfl es is calculated as follows: 
ac « (Super absorbent "Material -cotitiining tea bag weight after 
centrifuge mi mis blantf tea bag wei#t after centrifuge minus dry 
superabsorbent dateH^yvibl 1 ^')''' divided by ^dry superabsorbent 
material weight). The Absorbent Capacity value for use herein is 
the average absorbent capacity :s $f the twd samples. 



10 A disposable diaper^ is prepared comprising a thermally bonded 

polypropylene tops&^%!a fluid v impervious polyethylene backing 
sheet and a doa^^^B^f^- -"'iSBfewbeKt core* positioned between the 
topsheet and the itockiig -slieetT The dual layer; absorbent core 
comprises an hotfirglaks^haiyed . storage 1 ayer positioned below a 

15 rectangular shaped zctfiti sitfion/rfi s trtbut i on layer, as shown in 
Figure 1. • >;V r U- v ;-. 

The acquisi|ion/.aiitrtbutiQh la^er is made from an airlaid 
web comprising 5^ s^tf^^d, tested, curled cellulose fibers and 
45* PULPEXTM (Be^f^; . Inqvf Wilmington,'' Delaware, USA) 

20 polyethylene nricrbf^ average length of about 0.3 cm 



optionally a binding |pa«NS^ : - Tre storage layer comprises an 
air-laid mixtuj^ of xoiR^i bnal eel T'ul osic fluff (Foley fluff, 
southern softwood kraft ^pfit^^; tfee - Procter i Gambl e Cellulose Co., 
Memphis, TN, USA)*; and ^djfum ^lya^rylate polymeric absorbent 
25 gelling material of t^^pt iSe^^be^Hn U.S. RE 32,649, reissued 
April 19, 1988i^ pf about 30 g/g. 

The stiffened* l&s fibers - are made from 

southern soft^^t^^^ and cross! inked with 

glutaraldehyde. ^ 2.5 mole percent on a dry 

30 f i ber eel 1 ul ose anhydrog^^bse Sasis . The fibers are crossl 1 nked 
according to the "dry crtd^sllnki^ process - as described above in 
U.S. Patent 4>82^$&. " > 

The stiffened fibtem are s1m$aP^to itbe fibers having the 
characteristics described In Table IV 

35 
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allowed to wet, for a period of no aore than one minute, and then 
submerged and soaked for 60 minutes. Approximately 2 minutes 
after the first sample is submerged, a second set of tea bags, 
prepared identically to the first set of blank and superabsorbent 
5 material -containing tea bags, is submerged and soaked for 60 
minutes in the same manner as the first set. After the prescribed 
soak time is elapsed, for each set of tea bag samples, and the tea 
bags are promptly removed (with tongs) from the Synthetic Urine. 
The samples are then centrifuged as described below. The 
10 centrifuge used Is a Oelux Dynac II Centrifuge, Fisher Model No. 
05-100-26, obtainable from Fisher Scientific (Pittsburgh, PA, 
USA), or equivalent. The centrifuge should be equipped with a 
direct read tachometer and an electric brake. The centrifuge is 
further equipped with a cylindrical insert basket having an 
15 approximately 2.5 inch (6.35 cm) high outer wall with an 8.435 
inch (21.425 cm) outer diameter, an 7.935 inch (20.155 cm) inside 
diameter, and 9 rows each of approximately 106 3/32 Inch (0.238 cm) 
diameter circular holes equally spaced around the circumference of 
the outer wall, and having a basket floor with six 1/4 Inch (0.635 
20 cm) diameter circular drainage holes equally spaced around the 
circumference of the basket floor at a distance of 1/2 inch (1.27 
cm) from the interior surface of the outer wall to the center of 
the drainage holes, or equivalent. The basket is mounted in the 
centrifuge so as to rotate, as well as brake, in unison with the 
*5 centrifuge. The superabsorbent material -containing tea bags are 
positioned In the centrifuge basket with a folded end of the tea 
bag in the direction of centrifuge spin. The blank tea bags are 
placed to either side of the corresponding sample tea bags. The 
superabsorbent material -containing tea bag from the second set of 
10 tea bags must be placed opposite the superabsorbent material -con- 
taining tea bags from the first set of tea bags; and the second 
blank tea bag, opposite the first blank, to balance the 
centrifuge. The centrifuge is started and allowed to ramp up 
quickly to a stable 1,500 rpm. Once the centrifuge has been 
15 stabilized at 1,500 rpm, a timer is set for 3 minutes. After 3 
minutes, the centrifuge is turned off and the brake is applied. 
The first superabsorbent material -containing tea bag and first 
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In preferred absorbent article embodiments, e.g., disposable 
absorbent diapers, the ed/es 11*6, 118, 120, 121 of the 
acquisition/distribution layer 111 will respectively be at least 
0.5 cm., preferably at feast cm. inside the edges 117, 119, 
5 122, 123 of the ^torag^layer 108," particularly in central region 

115. . >•'.:. ' ' !; 

^,pp ra ^nrbent Mala rial Absorbent Capacity Test Method 

As discussed abovjf, the ' super^orbent materials for use in 
the present invention Will preferably have an Absorbent Capacity 
10 of at least about 10 f , preferably at least about 15 g, more 
preferably at least £bqt|t 20 g Synthetic Urine (1.0% NaCl aqueous 
solution, prepared using distilled water) per gram dry 
superabsorbent material. In ge^aT, the superabsorbent material 
is place within a tea bag, immersed in an excess of Synthetic 

15 Urine for a specified $$me, and then centrifuged for a specified 
period of time.. The rfcffo of superabsorbent material final weight 
after centrifuging minus initial, weight to initial weight 
determines Absorbent Cajkcity. The procedure is conducted under 
standard laboratory cdifi|sitions. The following procedure can be 

20 used to determine Absorbent Capacity. 

Using a 6 cm X lf or cutting die, the tea bag material is 
cut, folded in halflengfb wise, and sealed along two sides with a 
T-bar heat sealer t© predSice a 6 centimeter by 6 centimeter tea 
bag square. The tea bag material utilized 1s grade 1234 heat 

25 seal able, obtainable from C. HF Dexter, Division of the Dexter 
Corp., Windsor Loeks, Connecticut, L USA, or equivalent. Lower 
porosity tea bag m*t#1ff ; ; should be used if required to retain 
fine superabsorbent Tfttef 1 a>s . Q;2O0 ? grams plus or minus 0.005 
grams of superabsorbent l^ateri al is weighed onto a weighing paper 

30 and transferred into thfrltea bag, and the top (open end) of the 
tea bag 1s sealed. Art eaipty tea' bag Is sealed at the top and is 
used as a blank. Approx^|ely 400 milliliters of Synthetic Urine 
are poured into a 1,000 mill 11 iter beaker, the blank tea bag 1s 
submerged 1n the Synth^tW U>i»e. The tea bag containing the 

35 superabsorbent material (the sample tea bag) is held horizontally 
to distribute the raateriay evenly throughout the tea bag. The tea 
bag is laid on the surface of the Synthetic Urine. The tea bag is 
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rectangular, trapezoidal or oblong, e.g., hourglass-shaped, 
dog-bone- shaped, half dog bone shaped, oval or Irregularly shaped. 
The acquisition/distribution layer can be of similar shape or 
differing shape than the storage layer. 

5 Figures 1 and 2 each show diaper executions embodying the 

present Invention. Shown In each figure is a diaper 100 with 
topsheet 104 and backsheet 102. Disposed between topsheet 104 and 
backsheet 102 is absorbent core 106 having storage layer 108 and 
rectangular acquisition/distribution layer 110. Although not 

10 shown, storage layer 108 has discrete particles of absorbent 
gelling material distributed throughout. 

Specifically referring to Figure 2, the absorbent core 106 is 
shown as having a front region 112, a back region 114, and a 
central region 115. As previously described, the front region 

15 112, corresponds to the end of the diaper 100 that would be 
covering the front of the wearer when the diaper was in use, and 
the back region 114 would be covering the back of the user. The 
absorbent core 106 of Figure 2, specifically the storage layer 
108, has a modified hour-glass shape to provide enhanced fit and 

20 reduce In-use leakage. 

Figure 3 shows an absorbent core 106, that can be utilized in 
conjunction with a disposable diaper, having a storage layer 108 
of similar shape to those of Figures 1 and 2. 
Acquisition/distribution layer 111, however, is of a modified 

25 hour-glass shape of substantially similar shape to the storage 
layer 108, though of smaller surface area. 

Further with respect to Figure 3, the absorbent core 106 has 
front region 112, rear region 114, and central region 115. Front 
region 112, front edge 117 and, at rear region 114, has rear edge 

30 119. Front edge 117 and, has rear edge 119. Front edge 117 and 
rear edge 119 are connected by storage layer side edges 122 and 
123, corresponding to the central region 115. 
Acquisition/distribution layer 111 has front edge 116 1n the front 
region 112 and rear edge 118 in the rear region 114. 

35 Acquisition/distribution layer side edges 120 and 121, connect 
front edge 116 and rear edge 118. 
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ends form a circle around the wearer's waist. The normal length 
of the backing sheet will thus be the length of- the line running 
through the back sheet fieom a) the point on the edge of the back 
sheet at the middle of the wearWs back waist, through the 
5 crotch, to b) the point on the opposite edge of the backing sheet 
at the middle of the wearer's front waist. The size and shape of 
the topsheet will generally correspond substantially to the back 
sheet. 

In the usual instance wherein the storage layer of the 

10 absorbent core generally ' defines the shape of the absorbent 
article, the normal length of the elongated article topsheet will 
be approached by*the longest longitudinal dimension of the storage 
layer of the core., r However, in ^pme applications (e.g. adult 
incontinence articles) 'wherein bulk reduction or minimum cost are 

15 important, the storage s|aysr would not take on the general shape 
of the diaper or incoat£ence structure. Rather the storage layer 
would be generally located to coyer only the genital region of the 
wearer and a reasonable: area proximate to the genital area. In 
this instance both the fluid acquisition/ distribution layer and 

20 the storage layer would be located toward the front of the article 
as defined by the topsheet such that 1 the acquisition/distribution 
and storage layers: would typically be found in the front 
two- thirds of the artlcW. * ■ ' 

The storage layer '|f|., the absorbent core Can be of any desired 

25 shape consistent with keoraf ortabTe fit including, for example, 
circular, rectarygtilafe trapezoidal or oblong, e.g. , 
hourgl ass - shaped , dog - bone- shaped y hfft f dog bone shaped, oval or 
irregularly shaped. Tfoff storage iayer need not be physically 
separated f roni the acqufe i 1 1 on/tf fsrtri but i on layer and can simply 

30 be a zone of superabsorteiit materi al ^concentration in a continuous 
web of stiffened; cellulose fiber inateri al . More preferably, 
however, the storage layer of the absorbent core will comprise a 
separate web which can be used as an insert placed underneath the 
acquisltlon/distributioii layer, 

35 The acquis itton/di Jibuti ori layer can also be of any desired 

shape consistent with comfortably, fit and the sizing limitations 
discussed above. These shapes include, for example, circular, 
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discharged body fluid and transport such fluid to other regions of 
the core. Thus the acquisition/distribution layer should 
encompass the vicinity of the point of discharge of body fluids. 
These areas would include the crotch area and, preferably for 

5 males, also the region where urination discharges occur in the 
front of the diaper. For a diaper, the front of the absorbent 
articles herein means the portion of the absorbent article which 
Is Intended to be placed on the front of the wearer. The 
corresponding absorbent article regions will vary depending upon 

10 the design and fit of the absorbent article. The 
acquisition/distribution layers 110 of diaper 100 as shown in 
Figure 2, exemplify one embodiment wherein the 
acquisition/distribution layer 110 is suitably positioned to 
receive both bowel and urine discharges for both males and 

15 females. 

For disposable baby diaper executions, the 
acquisition/distribution layer of the core 1s preferably posi- 
tioned relative to the elongated topsheet and/or the storage layer 
such that the acquisition/distribution layer is sufficiently 

20 elongated to extend to areas corresponding at least to about 50X, 
preferably 75X, of the length of the storage layer. The 
acquisition/distribution layer should have a width sufficient to 
acquire gushes of body fluids without direct discharge of fluid 
onto the storage layer. Generally, for diapers, such as shown 1n 

■ 5 Figures 1 and 2, the width will be at least about 5 cm, preferably 
at least about 6 cm. As noted, for purposes of the present in- 
vention, sections of the absorbent article can be defined by 
reference to top surface areas of the unfolded absorbent article 
found in front of a given point on the line which defines the 

'0 length of the absorbent article. 

For purposes of determining such acquisition/distribution 
layer positioning, the length of the absorbent article will be 
taken as the normal longest longitudinal dimension of the 
elongated article backing sheet. This normal longest dimension of 

5 the elongated backing sheet can be defined with respect to the 
article as it is applied to the wearer. When worn, the opposing 
ends of the back sheet are fastened together so that these joined 
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fws useful for na^ 'such 'shtets are available from Arco 
HarriLtrf^* the tradename 

n^^™ Jw*§S Ex«*.; Ltd. (Osaka, Oapan) which 
".jl^fc* coding a polyacrylonitrile core 
5 with a p^yacryliC ^^ P dly#onium c acrylate skin under the 

trad Ts^^^ 

,„ .iri.id «eir to*»r#s the *\i»rtijer Mus can be formed by 
rCn, a^tant&Ty dry feiur. . % - ■,*«*-* 
Zl nT-Uriel -/A'. « desired or necessary 

10 dryl.9 the a procedure is . 9eneral 

described -re felly " ^ 

60ld.an; U.S. * P»te*.l*4,SW,#»i "issued September 9, 1986. 
Superabsorbent Jtatfltt be airl.ld with fibres carrier mm 
„ Wording to conventlou.1 airl.id ueb-fomlng processes The 
15 sZabsorbent fibers : **fibf.fe:c.«fi.r means can be blended by, 

HUhin the.stnreg* layet Of the absorbent core, the 

superabsorbent ti««V«i&i -W^ 
20 Alternately, there mt be regibn* or zones of the storage layer 

^Thav/bigner conations *|uper,bsorbent materul than 

do other regiens'e* toflelof^ layers. 

As discussed «bo»e, «We acdu1slf.1bh/d1str1b»t,on layer of the 

absorbent core prefect has i .smaller surface are. , (in an 
« enfolded configuration) than the Storage layer and, in fact, can 

2 ,« > surface -H*** * ^ 

to or greater IMn-th. Weld ^ layer. Generally, the 
surface ere. of the aca^ition^str^tl.n fayer .ill range fro. 

about 25* to ^.mm**}*:%" m» f 0 

,0 m. preferably less -"fera^y less than 

about 85*. of the sdHacPlrea of the storage layer, 

U acc.rt.nc.- ft. the present Invention, the 
acqeisition/distHo»tidh*faybr of the absorbent core should be 
film in • specific poSicibb.l relationship -1th respect to the 
« tepsheet and the storage 'Uyer of the absorbent erticie. Hor 
M Zt»«„ the acuuiifeon/dls^bution layer of the : core «t 
be positioned so that ' ft» is effectively located to acquire 
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One type of superabsorbent fiber comprise the polycarboxylate 
polymer-modified cellulosic fibrous pulps such as mildly 
Jydrolyzed methyl acrylate-grafted softwood kraft pulps. These 
superabsorbent fibers are described 1n U.S. Serial No. 07/378,154, 
5 filed July 11, 1989, titled "Absorbent Paper Comprising 
Polymer-Modified Fibrous Pulps and Wet-Laying Process for the 
Production Thereof," by Larry N. Mackey and S. Ebrahlm 
Seyed-Rezai, incorporated herein by reference. 

Other types of superabsorbent fibers can include crossl Inked 
10 carboxymethyl cellulose and polymer grafted cellulose fibers. 
Polymer grafted cellulose fibers include hydrolyzed 
polyacrylonitrile, polyacrylic esters, and polyacryllc and 
polymethacrylic acids. These superabsorbent fibers including 
discussion of and references to processes for making them, can be 
15 found 1n the Chatterjee's Vol. 7 of 7ext/7e Science and Technology 
as previously incorporated herein by reference, Include: A. H. 
Zahran, et al., "Radiation Grafting of Acrylic and Methacrylic 
Acid to Cellulose Fibers to Impart High Water Sorbency", J. of 
App. Polymer Science, Vol. 25, 535-542 (1980), which discusses 
20 radiation grafting of methacrylic acid and acrylic acid to 
cellulose fibers, as the title suggests; U.S. Patent 4,036,588, J. 
L. Williams, et al., issued July 19, 1977, which describes the 
• graft copolyraerization of a vinyl monomer containing a hydrophillc 
group onto cellulose-containing material, e.g., rayon yarn; U.S 
25 Patent 3,838,077, H. W. Hoftlezer, et al., issued September 24, 
1974, which discloses polyacrylonitrile-grafted cellulose fibers. 

The superabsorbent fibers can be Incorporated into webs of 
conventional or other nonsuperabsorbent fibers, such as 1n 
wet-la1d webs as described above or In air-laid webs, and can also 
30 be formed into nonwoven sheets. 

In another embodiment hereof, the storage layer comprises 
superabsorbent fibers which are formed into nonwoven sheets. Such 
sheets can consist essentially of superabsorbent fibers with 
substantially zero percent carrier means, although such sheets can 
35 Include carrier means, and such embodiments are not meant to be 
excluded. Nonwoven sheets made from superabsorbent fibers such as 
the non-acrylate superabsorbent mlcrofibers and superabsorbent 
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The slightly cross-linked, hydrogel -forming polymeric gelling 
material particles which may be used in the articles of the 
present invention - ar^^ner ally employed in their partially 
neutralized form. For purposes of this invention, such materials 
5 are considered partially neutralized when at least 25 mole per- 
cent, and preferaily^ at, least 50 moj^e percent?, of monomers used to 
form the polymer are a^id grqup-containing monomers which have 
been neutralized with a salt-lForming cation. Suitable salt- 
forming cations ammonium, substituted 
10 ammonium and amines. ;This percentage of the total monomers 
utilized which are ^net^llTed; icid group-containing monomers is 
referred to herein as* f tj^e "degree^ of ^ neutrjal Jzation. " 

Webs comprising a^r bent Jelling jnaterial particles and 
nonsuperabsbrbent fibr^ carrier, jn^ans will typically have from 
15 about 10% to about 8Q5J^ njor€i ty|i§aily from about 20% to about 
75%, polymeric gelling^^^ about 20% to about 90%, 

more typically froj. abdr|t £5% to about 80%, carrier means. Such 
webs will typically^ be iii^ J>y ai jl^ytng » wherein an airstream of 
the absorbent gelling material .? p*Htcles -1s metered into an 
airstream of the fibrous farrier Jiieaps. 

It is also contemplated to provide a storage layer wherein 
particles of absorbent girling material are laminated between two 
or more webs of ffbrou^ matervial^ suqh as exemplified in U.S. 
Patent 4,578,068, Kramer. et ? al.,, issued March 25, 1986, 
25 Incorporated herein by reference. s,. 

As discussed ^iove^ ^uperal«o^e^t fibers can be used instead 
of particles of absorbent. gel lli^ mi|tier1aU Superabsorbent fibers 
have been previously disclosed in the. art. Superabsorbent fibers 
are described in Textil^gi&nce : Jeehnology, Volume 7, Pronoy 
30 K. Chatterjee, editor, ^is^vier ^Science Publishers B.V. (The 
Netherlands), 1985, if> jpfepters ^VII and VIII {collectively pages 
217-280), incorporated *, by referent Synthetic and 

modified natural fioersC|such as cellulosie fibers, can be used. 
The superabsorbent ^ fiber^for, use herein should have an absorbent 
35 capacity of at least' ahdjut v 10 g Synthetic Urine per g 
superabsorbent material* ;|dry weight basis), preferably at least 
about 15 g/g. v .' 
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on April 19, 1988, both Incorporated herein by reference. 
Preferred monomers include acrylic acid, methacrylic acid, and 
2-acrylamido- 2 -methyl propane sulfonic acid. Acrylic acid Itself 
is especially preferred for preparation of the polymeric gelling 
5 agent material. 

The polymeric component formed from unsaturated, acid- 
containing monomers may be grafted on to other types of polymer 
moieties such as starch or cellulose. Polyacrylate grafted starch 
materials of this type are also especially preferred. 
10 Preferred polymeric absorbent gelling materials which can be 

prepared from conventional types of monomers include hydrolyzed 
acrylonitrlle grafted starch, polyacrylate grafted starch, 
polyacrylates, maleic anhydride- based copolymers and combinations 
thereof. Especially preferred are the polyacrylates and 
15 polyacrylate grafted starch. 

Whatever the nature of the basic polymer components of the 
hydrogel- forming polymeric absorbent gelling material particles 
used in both layers of the absorbent cores herein, such materials 
will in general be slightly cross-linked. Cross-linking serves to 
20 render the hydrogel -forming polymer gelling agents used in this 
invention substantially water- Insoluble, and cross-Unking thus in 
part determines the gel volume and extractable polymer 
characteristics of the hydrogels formed from the polymeric gelling 
agents employed. Suitable cross-linking agents are well known In 
25 the art and include, for example, those described In greater 
detail 1n Hasuda et al; U.S. Patent 4,076,663; Issued February 28, 
1978, Incorporated herein by reference. Preferred cross-linking 
agents are the di- or polyesters of unsaturated mono- or 
polycarboxylic acids with polyols, the bisacryl amides and the di- 
30 or trlallyl amines. Other preferred cross-linking agents are 
N,N' -methyl enebisacryl amide, trimethylol propane triacrylate and 
trlallyl amine. The cross-linking agent can generally constitute 
from about 0.001 mole percent to 5 mole percent of the resulting 
hydrogel -forming polymer material. More preferably, the 
35 cross-linking agent will constitute from about 0.01 mole percent 
to 3 mole percent of the hydrogel -forming polymeric gelling 
material particles used herein. 
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thereof and the like. Preferred I sy^hetjc fibers have a denier of 
from about 3 denier per: filament to about 25 denier per filament, 
■ore preferably from about 5 denier per filament to about 16 
denier per filament. Also preferably, the fiber surfaces are 
hydrophilic or are treated to be hydrophilic. 

The average dry density of \ the fluid storage layer comprising 
nonsuperabsorbent fibers T as iup^rabsbrbent material carrier means 
will generally be in the range "of from about 0.06 to about 0.5 
g/aP, and more pref eraMy within the range of from about 0.10 to 
about' 0.4 g/c*3, even wire preferably from about 0.15 to about 0.3 
g/«3, most preferably from about 0.15 to about 0.25 g/cm3. 
Typically the basis weight of the lower fluid storage layer can 
range fro* about 0.02 to 042 g/cp2, more preferably from about 
0.04 to 0.08 g/cm 2 ,' raostf preferably from about 0.05 to 0.07 g/cm*. 

As with the acquisition/distribution layer, density and basis 
weight need not be 'uniform throughout the storage layer. The 
storage layer can contain regions of relatively higher and 
relatively lower density and bfcis - weight. Also as with the 
acquisition/distributibn "layer, density values for the storage 
20 layer are calculated from basis weight and layer caliper measured 
under a confining pressure of 0.2 psi (1.43 kPa). Density and 
basis weight values Ing*** the weight of the superabsorbent 
■aterlal. Additional if! the k storage layer can have a 
superabsorbent material |radien1^^uch as with more superabsorbent 
25 material being prese^C; in regions of relatively high fluid 
handling requirements (tVe., near the region of fluid discharge) 
and less superabsorbent irateri at at lower demand regions. 

The superabs^rBent material »AicJt is employed in the storage 
layer of the absorbent i,p$ most often comprise a 
30 substantially water- insoluble,- slightly cross-linked, partially 
neutralized, polymeric gil ling material. This material forms a 
hydrogel upon contact with water.. Such polymer materials can be 
prepared from pol^^izable, ' unsaturated, acid-containing 
monomers. Suitable" ^ acidic monomers for use in 

35 preparing the polymeric ^orbent gelling material used in this 
invention include those listed; ,ii) Brandt/Goldman/Ingl1n; U.S. 
Patent 4,654,039, Issued llarch 31, 1987, and reissued as RE 32,649 
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As indicated hereinbefore, the storage layer comprises 
superabsorbent material such as, but not necessarily limited to, 
discrete particles of absorbent gelling material and 
superabsorbent fibrous material such as acrylate grafted fibers 

5 and superabsorbent modified cellulosic fibers. The superabsorbent 
material can be in any form which can be incorporated into a 
flexible web or sheet to form the storage layer. Superabsorbent 
materials are described in more detail below. The superabsorbent 
material, upon contact with fluids such as water or body fluids, 

10 absorb such fluids. (As used herein, the term "fluids" shall 
refer to liquids, as opposed to gases.) In this manner, fluid 
discharged into the acquisition/distribution layer and transported 
to the storage layer can be acquired and held by the 
superabsorbent material, thereby providing the articles herein 

15 with enhanced absorbent capacity and/or improved fluid retention 
performance. 

The superabsorbent materials intended to be encompassed in 
this invention are those which are capable of absorbing at least 
about 10 grams, preferably at least about 15 g, more preferably at 
20 least about 20 g, of Synthetic Urine (SU - 1.0% NaCl aqueous 
solution) per gram of superabsorbent material, as determined 
according to the hereinafter described Absorbent Capacity 
procedures . 

The superabsorbent material utilized herein is typically in 
25 the form of discrete particles of absorbent gelling material. 
These particles will typically be distributed within a web of 
fibrous material as carrier means. The superabsorbent fibrous 
material can comprise synthetic or natural fibers. Suitable 
fibrous carrier means are cellulose fibers, in the form of fluff, 
30 such as is conventionally utilized in absorbent cores. Modified 
cellulose fibers such as the stiffened cellulose fibers described 
above can also be used but are preferably not used in the storage 
layer. Synthetic fibers can also be used and include those made 
of cellulose acetate, polyvinyl fluoride, polyvinylidene chloride, 
35 acrylics (such as Orion), polyvinyl acetate, non-soluble polyvinyl 
alcohol, polyethylene, polypropylene, polyamides (such as nylon), 
polyesters , bi component f 1 bers , tr 1 component f i bers , mi xtures 
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processes. Alrlaid w^m * "* de * ^mixing the cellulosic 
and thermoplastic fibers and then airlaying according to the 
techniques descried above. . The stiffened cellulosic fibers and 
thermoplastic fibers can be intermixed, in an airlaid context, by 
5 carding or by metering air streams of the stiffened fibers and 
thermoplastic fibroUslm#erlal together and directing the combined 
system through a brush Screen ^deposition apparatus, or other web 
forming device! Such %hniques, arl known in the art. Suitable 
equipment includes air . forming . systems available from Dan 
10 Webforming International Ltd. {Risskov, Denmark). A suitable 
method and apparatus frr mixing cellulosic and thermoplastic 
fibers for subsequent airlayring are also described in U.S. Patent 
4,590,114, Holtman, D. XV, i^d May 20, 1986, incorporated 
herein by reference. In wet^g; .contexts, the thermoplastic 
15 fibrous material can be intermixed with the stiffened cellulosic 
fibers in the aqueous slurry prior to web formation. 

The thermoplastic is preferably melted by through-air 
bonding, however other methods s«ch as infra red light, etc. are 
not meant to be excluded. In. another variation, the web is 
20 subjected to by heat embusing on one or both faces of the web. 
This technique is described , 1n farther detail in U.S. Patent 
4,590,114, which was, previously incorporated into this 
specification, 
^tnraoe Laver 

25 A second essential ^ement o£ the absorbent core is a lower 

fluid storage layer wh*|fr comprises at, least 15%, by weight, 
preferably at least 25%;^«i1superabs|rbent> material (defined more 
fully hereafter), and >$fcM * bout 85% ' Preferably less than 
about 75%, of a 5up^s : orbent material carrier means. The 

30 principal function of # fluid storage layer is to absorb 
discharged body fluid, from the upper acquisition/distribution 
layer and iM» WAr^AR^ t****™™* ••ncount«r«l as a 
result of the wearers jroqvements. thus, the storage layer is 
subjacent to and f..^ ■ fluid ? communication with the 

35 acquisition/distribution layer. fldeaBy the fluid storage layer 
will drain the upper laye| of much of Its acquired fluid load. 
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polyvinyl idene chloride, etc. The fibers can be hydrophilic or 
hydrophobic. Examples of suitable hydrophilic fibrous materials 
include hydrophilized hydrophobic fibers, such as surfactant- 
treated or silica-treated thermoplastic fibers derived, for 
example, frooi polyolefins such as polyethylene or polypropylene, 
polyacrylics, polyaaides, polystyrenes, polyurethanes and the 
like. (As used herein, the teres 'hydrophilic" and "hydrophobic" 
shall refer to the extent to which the surfaces are wetted by 
water.) The surface of the hydrophobic thermoplastic can be 
rendered hydrophilic by treatment of the thermoplastic binding 
material with a surfactant, such as a non-ionic or anionic 
surfactant, as by spraying the material with a surfactant or by 
dipping the material into the surfactant. Upon melting and 
resolidifi cation, the surfactant will tend to remain at the 
surfaces of the thermoplastic. Suitable surfactants include 
non-ionic surfactants such as Brij 76 manufactured by ICI 
Americas, Inc. of Wilmington, Delaware and the various materials 
sold under the Pegosperse trademark by Glyco Chemical, Inc. of 
Greenwich, Connecticut. Anionic surfactants can be also used. 
Surfactants are applied to the fibers at a level of from about 0.2 
to about 1 gram per square meter of thermoplastic binding 
material. Hydrophilic material becomes more preferred at higher 
thermoplastic levels, particularly at levels above about 40%. 
Preferably, the thermoplastic will not significantly imbibe or 
absorb aqueous fluid. 

Thermoplastic fibers for use herein can be on the order of 
about 0.1 cm to about 6 cm long, preferably from about 0.3 cm to 
about 3.0 cm. 

A preferred type of thermoplastic fibrous material is 
commer cially known and available as PULPEX™ (Hercules, Inc., 
Wilmington, Delaware, USA). PULPEX is a polyolefin material 
having a very high surface area to mass ratio, which, in general, 
is made by spraying no It en polymer and gas through a nozzle into a 
vacuum. PULPEX is available in both polyethylene and 
polypropylene forms. 

As described above, thermoplastic binder-reinforced webs of 
stiffened cellulosic fibers can be made by wetlaying or airlaying 
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improved fluid permeaftity, and upon subsequent discharges, due 
to the combined ability of the .stiffened fibers to retain their 
stiffness upon wetting'* and t^ ability of the thermoplastic to 
remain bonded at the fiber intersection upon wetting and upon wet 
5 compression. S netf the therflly bonded web retains its 
original overalV^oiu§e,' but the volumetric regions previously 
occupied by tfermopTas^c rWo^mtferial becomes open to thereby 
increase average interfiber capillary pore size. 

Themally'bon^ed^.theT^plas^c-relnforced absorbent webs, 
10 utilizing conv^^^ i^**** . .ceWosic fibers, are 
described in V U" " D ' C ' H° ltman ' issued May 20 ' 

1986, incorporated bySferehce herein and by Peter 6. Bither in 
-Thermally Bonded Corp 1 Add, Value to Absorbent Products," 
Nonwovens World, Novem$£ IW^W ^9-55, both incorporated herein 
15 by reference. The pro^s^g te^n^ques applied to make these are 

applicable herein. ., f'^ A . 

The theraoplastic fibrous material ; should be evenly 
distributed throughout '^he web. Subsequent to formation of a dry 
web, the web can be ^eated ^ a temperature to melt the 
20 thermoplastic fibers prpf^aj?ly at conditions so as to not 
char or otherwi se~ damafl Stiffened cellulosic fibers. Upon 
cooling, at least some^ the^plldified thermoplastic material 
will provide I bond si&s^ch secure "stiffened, cellulosic fibers 
to one another St lointrof indiy^u^^fiber intersections to form 
25 a stabilizing network aflnterfi^ bond sides at the intersection 
of the stiffened eel lulWic fiber si £ 

The thermoplasti| ■'. ;.$8rffl^/ jpterials useful for the 
acquisitWdistrlbtt«oC^rs;'^r«|» include any thermoplastic 
polymer which can be^Wlted a^- temperatures . which will not 
30 extensively damage the cellulbstf fi|ers. . Preferably, the melting 
point of the themopl^c fibjro^^materla) will be less than 
about (135'C), preferably ^etwMn^ about JVC and about 175 # C. In 
any case, the melting p^nt should be no lower than temperatures 
at which the articles a^this invention are likely to be stored, 
35 whereby melting point will be typically no lower than about 50*C. 

The thermoplastic fibrous material may, for example, be 
polyethylene, polypropylene, polyester, polyvinyl chloride, 
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for example, a thermal blow through dryer for a forced convection 
steam heated oven. 

The stiffened fibers have the tendency to flocculate, or form 
clumps, In aqueous solution. In order to Inhibit flocculation, 

5 the aqueous slurry should be pumped to the headbox at a linear 
velocity of at least about 0.25 m/sec. Also, 1t Is preferred that 
the linear velocity of the slurry upon exit from the headbox slice 
be from about 2.0 to about 4.0 times the velocity of the forming 
wire. Another method for reducing flocculations of fibers in a 

10 wetlaying process 1s described 1n U.S. Patent 4,889,597, issued 
December 26, 1989, wherein jets of water are directed at the 
wetlaid fibers just after deposition on the forming wire. 

The acquisition/distribution layer comprises a web of 
stiffened celluloslc fibers wherein the web is reinforced with 

15 from about 10% to about 50%, preferably from about 25% to about 
45%, more preferably from about 30% to about 45%, of a 
thermoplastic binding material, wherein: the thermoplastic binding 
material provides bond sites at Intersections of the stiffened 
celluloslc fibers. Thermally bonded, thermoplastic reinforced 

20 webs can, in general, be made by forming a web comprising the 
stiffened celluloslc fibers and thermoplastic fibers, which are 
preferably evenly distributed throughout. As discussed above, the 
web can be formed by either airlaying or wetlaying processes. 
Once formed, the web is thermally bonded by heating the web until 

25 the thermoplastic fibers melt. Upon melting, at least a portion 
of the thermoplastic material will migrate to Intersections of the 
stiffened celluloslc fibers, due to interfiber capillary 
gradients. These intersections become bond sites for the 
thermoplastic material. The web 1s then cooled, whereby migrated 

50 thermoplastic material bonds the stiffened celluloslc fibers 
together at the bond sites. 

Melting and migration of the thermoplastic material to the 
stiffened celluloslc fiber intersections has the effect of 
Increasing average pore size of the web, while maintaining the 
i5 density and basis weight of the web as originally formed. This 
can Improve distribution properties of the 
acquisition/distribution layer upon Initial discharges due to 
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otherwise specifically indicated.) Conventional designs of 
headboxes known in the!; art for drylap and tissue sheet formation 
may be used. Suitabfe^cbmraerciaffr available headboxes include, 
for example, fixed ro#, twin Wire, and drum former headboxes. 
Once formed, the wet web is dewatered and dried. Dewatering can 
be performed with suction 'fcoxes or other vacuum devices. 
Typically, dewatering increases the fiber consistency to between 
about 8% and about 45tt total wet web weight basis, preferably 
between about 8% al^bput 22*. Dewatering to consistencies above 
about 22% may require wet-pressing and is less preferred. After 
dewatering, the Web can be, buif is hot necessarily, transferred 
from the forming wfre fS?j a drying fabric which transports the web 
to drying apparatuses^ The drying fabric is preferably coarser 
than the forming ! wiref 5 for increased drying efficiency. The 
drying fabric preferabf^ has about 30% to about 50% open area and 
about 15% to abdut 2^|puckle area^ such as a 31 X 25 3S (satin 
weave) fabric that has'leen sanded to increase the knuckle area to 
within the preferred r^Jge. yet microcontraction is preferably 
implemented during trai|ret;fr#! the forming wire to the fabric. 
Wet microcontraction #fe accomplished by running the forming 
wire at a speed wfitih from about 5% to about 20% faster than 
the speed at Which* ti| fabric Ms being run. Drying can be 
accomplished with a thermal blow-through dryer or vacuum device 
such as a suction box, although thermal blow-through drying is 
25 preferred. The wetl aid webs 1 are prefer ably dried to completion 
(generally t* fiber consistency between about 90% and about 95%) 
by the thermal blow-through' dryers. Blow- through drying is 
believed to efficiently dry webs of the stiffened fibers due to 
high void volume 'of th^webs. Steam drum drying! apparatus known 
in the art, such as Yankee drum dryers, can be used but are less 
preferred. Drum dryers! are believed to be less efficient for 
drying webs of the stiffened fiber's ind can also compact the webs. 
The dried webs are preferably nbt creped\ 

As an alternative to drying, as d6icri'bed above, the dewatered 
35 web can be removed from *h'e' forming wire placed on a drying 
screen, and dried (unrestrained) in a batch drying process by, 
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The wetlaid webs comprise from about 50% to about 90% of the 
stiffened fibers and from about 10% to about 50% of a 
thermoplastic fibrous material. The wetlaid webs can also 
comprise an additional binding means, such as a chemical additive 
5 binding means, conventional, nonstiffened cellulosic fibers, 
highly refined stiffened fibers ("cHII"), or high surface area 
cellulose (described below). Additional cellulosic binding means 
will typically comprise at least about 2% of the web (dry weight 
basis). Chemical additives can also be used as binding means, and 

10 are incorporated Into the acquisition/distribution layer at levels 
typically of about 0.2% to about 2.0%, dry web weight basis. 

Techniques for wetlaying cellulosic fibrous material to form 
sheets such as dry lap and paper are well known in the art. These 
techniques are generally applicable to the wet-laying of the 

15 stiffened fibers to form wetlaid sheets useful 1n the absorbent 
structures of this Invention. Suitable wetlaying techniques 
Include handsheeting, and wetlaying with the utilization of 
papermaking machines as disclosed, for instance, by L. H. Sanford 
et al. 1n U.S. Patent 3,301,746. Due to the behavior of stiffened 

20 fibers, particularly their tendency to flocculate in aqueous 
slurries, certain processing modifications, hereafter described, 
are preferably implemented when wetlaying with papermaking 

, . t machines. In general, wetlaid webs can be made by depositing an 
aqueous slurry of fibers on to a foraminous forming wire, 

25 dewatering the wetlaid slurry to form a wet web, and drying the 
wet web. Preferably, the aqueous slurries of fibers for wetlaying 
will have a fiber consistency of between about 0.05% and about 
2.0%, preferably between about 0.05% and about 0.2%, total slurry 
weight basis. Deposition of the slurry is typically accomplished 

30 using an apparatus known in the art as a headbox. The headbox has 
an opening, known as a slice, for delivering the aqueous slurry of 
fibers onto the foraminous forming wire. The foraminous forming 
wire is often referred to in the art as a Fourdrinier wire. The 
Fourdrlnier wire can be of construction and mesh size used for dry 

35 lap or other papermaking processing. Preferably, mesh sizes of 
about 70 to about 100 are used. (All mesh sizes referred to 
herein shall be based upon the Tyler standard screen scale, unless 
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dehydrated, unswollen state of these fibers during the stiffening 
process, tert preferably, the M$t (isopropol alcohol) of the 
fibers useful herein Will fee less Man about 27%. 

The stiffened cetl&Tose fiBelf herein having the preferred 
5 twist count, curl factar" WW *id Ai characteristics hereinbefore 
set forth, can H ^rif^^^f^^^os^^nq such fibers 
in relatively d^ratek fprm iift^e |r after such fibers are being 
or have been dried and deftbrated (i.e., "fluffed") as described 
in U.S. Patent Ho. 4^8,642^ ft is not, however, meant to 
10 necessarily exclude other hydrojftflic, chemically stiffened fibers 
from this iii¥^on.^;;(^;"ftb«r« being described in (but not 
United to) the p¥evioa%ly* incdrpbrated U.S. Patents 3,224,926, 
3,440,135, 4,035,147, and 5,932,1209. 

The stiffened celltPlosic fibers can be provided in web form 
15 by various techniques, including alrfaying and wetlaying. 

Ajrlaid Wefe L; 

The stiffened cellulosic fibers can be airlaid to form the 
web of a desired densdt^ and ba^s height, the stiffened fibers 
for use in the^'preserit^ invention "can be airlaid according to 
20 techniques well known to those skilled ih the art of airlaying 
cellulosic fibers. :tn?$eneral , airlaying can be effected by 
metering an air flow co^fning 1 the fibers, in substantially dry 
condition, onto a wire /screen *nd,^ optionally, compressing the 
resulting web to the desired densi\y. Alternately, the fibers can 
25 be airlaid to the desired density without compression. The 
airlaid web will comprise j at from about 50% to almost 90% of 
stiffened cellulosic fibers, as described above, and from about 
10% to about , 50% of t&ermopl as^i c *f i bers . The thermoplastic 
fibers are subsequently .iflted to- provide a thermally bonded web 
30 of stiffened fibers and theTmoplaStic 'material as hereafter 
described. The web can optionally contain other binding means or 
other optional components, such as ingredients for modifying fluid 
handling properties (e^4' hydrophilic surface active agents), and 
the like. t 

35 WetlMd webs v 

la another eubodimtht, the stiffened cellulosic fibers, 

rather thai being airlaid to form the web, are wetlaid. 
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An Image analysis method that can be utilized to measure Lr 
and La 1s described 1n U.S. Patent No. 4,898,642. Preferably the 
fibers utilized In the layers of the absorbent core herein will 
have a curl factor of at least about 0.30, and more preferably 
will have a curl factor of at least about 0.50. 

The degree of stiffening, dependent upon the type and amount 
of stiffening agent (I.e., crossl Inking agent) used, the degree of 
dehydration of the fibers during curing of the crossl Inking agent, 
and the curing time and conditions, affect the ability of the 
fiber to take up fluid and the tendency of the fiber to swell. 

The fiber stiffness as it relates to resistance to fiber wall 
swelling can be quantified by referencing the water retention 
value (WRV) of the stiffened cellulosic fibers used In the 
absorbent articles herein. WRV 1s a measure of the amount of 
water retained by a mass of fibers after substantially all of the 
Interflber water has been removed. Another parameter which can be 
used to characterize the nature of the stiffened fibers formed by 
crossl Inking fibers in relatively dehydrated form Is that of 
alcohol retention value (ARV). ARV is a measure of the extent to 
which a fluid, e.g., Isopropyl alcohol, which does not Induce 
substantial fiber swelling, 1s taken up by the stiffened fibers. 
The ARV of the stiffened fibers is directly related to the extent 
that the fibers were swollen with the solution of crossl inking 
agent during the stiffening procedure. Relatively higher ARVs 
mean that the fibers were generally swollen to a relatively 
greater extent during crossllnking. Procedures for determining 
WRV and ARV are described in U.S. Patent No. 4,898,642. 

The WRV for the stiffened, twisted, curled fibers used 1n the 
present invention will preferably range between about 28% and 
about 50%. In more preferred embodiments, the WRV of the fibers 
can range from about 30% to 45%. Fibers having a WRV within these 
ranges are believed to provide an optimal balance of swelling-in- 
duced untwisting and fiber stiffness. 

The stiffened cellulose fibers preferred for use herein are 
those which have an ARV (isopropol alcohol) of less than about 
30%. The limitation that such fibers have an ARV (Isopropol 
alcohol) of less than about 30% Is Indicative of the relatively 
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degree of fiber twist, Jhich M a physical parameter of the fiber. 
The procedures for det^i«4ng twist nodes and total twist count 
are described irt the, hereinbefore referenced U.S. Patent No. 

4,898,642. y"j „ 

5 The more preferred stiffened cellulose fibers will have an 

average dry fife- twist'W of af l east about 2.7, preferably at 
least about 4,5 twist^ nodes ;%* #H1 imeter. Furthermore, the 
average wet fiber twIstKcdunt of these fibers should preferably be 
at least about 1.8, preferably at leist about 3.0, and should also 
10 preferably be at- least) about ;^^ist nodes per millimeter less 
than the average dry fitter twist count. Even more preferably, the 
average dry fiber tvrfst^ount should be at least about 5.5 twist 
nodes per mill^eier^* ayerag| wet fiber twist count should 
be at least about 4##i*t ndde* p>r millimeter and should also 
15 be at least 1.0 t#st *es per mi Trimeter less than its average 
dry fiber 1^1 st count^ Most p^ferably, the average dry fiber 
twist count should le*|t ; ^bout 6.5 twist nodes per 

least about 5.0 twist « per rain fmeter and should also be at 
20 least 1.0 twist no«fe%^ mill fime^! less than the average dry 

fiber twist count. i*T . 't;' l- ... . . 

In addition to be^ ;^s€edv^e preferred fibers used in 
the .cqulsltton/dHstr^^ .la^^tlie absorbent structure are 
also curled. Fiber ^cu^l inay T be described as the fractional 
25 shortening of • the, fib^V dTie ta i^ks, twists, and/or bends in the 
fiber. For the purpeseW this^veifeion, fiber *url is measured 
in terms of a two; dimen's^ll plane, The^ extent of fiber cur ling 
can be quantified ^ referencing a fiber curl factor. The fiber- 
curl factor, a two^l^ional measurement of curl, is determined 
30 by viewing th* fiber 1* -!#«W #m%ional plane. To determine 
curl factor, the pYo^: Tengih ?f the fiber as the longest 
dimension of a two dime^lonal rectapgle encompassing the fiber, 
L R , and the actuaV length Of Ihe ff er, L A , are both measured. 
The fiber curl factor^ can then tie - calculated from the following 

35 equation: . 

.Cu^#adtor - <La/Lr) - 1. 
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In the nor. preferred stiffened nbm , chenica , pnaai 
c uces intraflber crosslink^ .„„ crossl1n|(1n9 » 
such fibers ere in a reletlvely dehydrated, defibrated (f , 
" vidua,, zed,, twisted, .curled edition. Suitable cbjlcai 

" b TZ uT? I*™' ™"™ BriC cr °"' , «'« •»"*» including, 
but not Ihh to. c 2 -C 8 d1„dehydes and Cj-Cg monoaldehydes 
bavin, ,„ acid functionality can be employed to fom the 

with at least two hydros groups ,„ a single cellulose chain or 
10 on proximately ,oc,t.d cellulose chains In a single fiber Lh 
crosslinks agents conte»pl.ted for use in preparing the 
stiffen* cellulose fibers include, but are not LZ t 

Hah, 1 X' S,y0Ml ' f0 ~ ld ^- - 9W1.C acid. Othe; 
, 5 c d tk r 1 " 8 / 96 "' 8 '» , J«*W«». »-ch as citric 
15 •>«. The polycarboxylic stiffening agents and a process for 
-.king stiffened fibers fro. the, ,„ Scribed ,„ ^ Ser I 
I 0 ,-™-™- »»■ incorporated by refe" c 

fZ f',h t t ° f '""""""a — these conditions is to 

twisted, curled configuration during use 1n the absorbent articles 
tar, n. such fibers, and processes for making the, are descH 
in the above incorporated patents. 

au.nJL P T 8rr ? St,ffeMd f1berS m tWlStKl "* «» be 

« c'r f ! * ' " 0th ' ' tWlSt CMnt * - ■ «>• 

curl factor". As used herein, the ten. -twist count- refers to 
the of tw1st „ odM presMt 1n a 

Sit. ?T - ab ° Ut US '"""tudm,, «•»■ The tern 

2 U ' «*"•»"*"» rotation of l»- 

fiber (I.e., the -node") appears dark relative to the rest of the 
fiber when viewed under a microscope with transmitted light. The 
twist node appears dark at locations wherein the transmitted light 

3S 11 T " T U,0 " a ' f,b8r due t0 * tl-Ll 
rlt ,?1 " Ce betWeen n0d " to an axi.l 

rot, ion of 130-. The number of twist nodes ,„ a certain length 
of fibers (I.e.. the twist count) Is directly indicative of the 
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Inc. Wilmington, Delaware, USA), pal yacryl amide resin (described, 
for example, in U.S. Patent 3^556,932 issued January 19, 1971 to 
Cosci a, et al . ; also, for example, the commerci ally avai 1 abl e 
polyacrylaaide marketed by Aaerican .Xyanamid Co., Stanford, CT, 

5 USA, under the tradename Parez"^ .€3J NC) ; urea formaldehyde and 
melamine formaldehyde resins, and polyethylene inline resins. A 
general dissertation on. yt$t strength resins utilized in the paper 
art, and generally applicable herein, can be found in TAPPI 
monograph series No. 29. "Wet Strength in Paper and Paperboard", 

10 Technical Association f>f %he Pulp and Paper Industry (New York, 
1965). . 4 

The fibers utilized in the structures herein can also be 
stiffened by means of £}*emi cal reaction. For example cross! inking 
agents can be applied to the -fibers which, subsequent to 

15 application, are caused to chemically form intra-fiber crosslink 
bonds. These crbssliipfc bonds can increase stiffness of the 
fibers. Whereas the utilization of intrafiber crosslink bonds to 
chemically stiffea :the fibers is preferred, it is not meant to 
exclude other types of reactions for chemical stiffening of the 

20 fibers. ; 

Fibers stiffened by crosslink bends in individualized (i.e., 
stiffened fibers, as wejl as processes for their preparation, 
fluffed) form are disclosed, for example, in Bernardin, U.S. 
Patent 3,224,926, Issued December 21, 1965; Chung, U.S. Patent 

25 3,440,135, Issued April 22, 1969.; Chatterjee, U.S. Patent 
3,932,209, Issued January 13; 197ff antf Sangenis et al, U.S. Patent 
4,035,147, Issued 3uly ^12, 1977. More preferred fibers are 
disclosed in Dean et al,VvU.S. ^tent 4,822,453, issued April 18, 
1989, Dean et al;* ".U*S.4 Patent 4,B|»,093, issued December 19, 

30 1989, and Moore^et al., fel Patent No. 4,898,642, issued February 
6, 1990. All of these r patents are incorporated herein by 
reference. In addition to being hydropKOic, these stiffened 
fibers remain stiff even ctipon wetting! thus webs made from them do 
not collapse, as do webs made from conventional uirstiffened fibers 

35 when wet. This.. proyiiiies improved ability to acquire and 
distribute fluids in secotid and subsequent discharges. 
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contact or close p mi »fty of tL '««*nttl to the 

Hold storage layer i„ mMi J„, 1,6 top surface °f the 

10 fro. about 25* t0 about „_ to " are. which 1 S 

« * top surface .Tih, t"^ **"" "* 

is not meet to exclode fro. th " 6 ,aJ,er " ""ww. « 

top surface aree o tt ZZZZT^^ *■ 
- >. r to surface "het^^" ' W *' <° 

Particles having a rass " e1 » "">■ Superabsorbent 

-y also be employed. " U " ***" 400 "^rons 

As noted, the articles of th. 
chemically stiffened fibers In th. , '""ntlM employ 
* — nerein, the ten "c 1 , """'""^distribution , wr . 
25 ftbers which he™ JZ"™y «*«*-- "hers- 

means anv 

"iffness of the ^IZZtl'^Z"™ ** 

Such means include the ***** * QUe ° US conditions. 

also include the stiffening of th^r u 6rS * Such means 
structure of the fibers hL el « IT li ** 
chains. e : 9 " b * ^OSS-Unking polymer 
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cnams. ' " J ww »- niiKing polymer 

For exemplary purposes, polymeric stiffs- 
-at or impregnate cellulosic fZ inc u ? ^ WMch « 

starch having n1t rog en-conta1ni ns T'' B ° dif1ed 

« as those available from NatJJT Z (e * 9 " ara1no S^ups) such 
Bridgewater, «, USA; latex* wet ,T a " d ««c.l Corp., 

Polyam1de-eplchlorohydrln resin' (e g kT^tm $UCh as 

(e.g., KymeneTM 5 57H, Hercules, 
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diapers, this would correspond*, for example, to the crotch region 
115 of Figure 2< particularly artbe narrowest part of the storage 
core 106 in the centrat region 115; Additionally, especially for 
absorbent articles to* be worn by males, such a margin is 
maintained in toe froiit waist regioft, exemplified as 112 in Figure 
2, which area is to ;be worn on the front of the wearer. 

The fluid acquisition/distribiition layer will generally have 
an average dry density of less 1 than about 0.30 g/cra3, measured 
prior to use, preferably lesfc than about 0.20 g/cn»3, more 
preferably less than about 0.15 g/cm3. Average dry density will 
typically be greater tbafi ""about, 0.0^ g/cc more typically greater 
than about 0.05 g/ccr The average dry basis weight of the 
acquisition/distribution layer of the absorbent core will typi- 
cally range from about 0.001 to about 0.10 g/cm*, preferably from 
15 about 0.01 to about 0,08 : g/cm 2 , more preferably from about 0.015 
to about 0.04 g/cm2, ;:$nless specifically indicated, all density 
values are calculated^ a dry tfe is (at equilibrium moisture 
levels no greater than^aW 6%) ; ' |atft1ty and basis weight can be 
substantially uniform, although nofcml form density and/or basis 
20 weight and density and/ir basis weight gradients are meant to be 
encompassed herein. Thus, the^ ac^fsition/distributlon layer can 
contain regions of relatively higher or relatively lower density 
and basis weight, preferably not exceeding the foregoing ranges. 
Average dry density val3|s are calcuNted from basis weight of the 
25 dry layer and 1a|er dry^caliper . i&y caffperjs measured under a 
confining pressure of 0V2 psi U;A3 kPa). ' 

The acquUition^stributi^h layer of the absorbent 
structures herein essentially comprises a web of hydrophilic 
chemically stiffened celliilosic fibers. These cellulosic fibers 
30 are typically wood pulp fibers whldi have been stiffened with an 
Intraf 1ber chemical stiffening agent. 

The fluid acqui si tion/di stri button layer preferably contains 
no more than about 6.0%; of superai^dVbent material, and 1s more 
pref erabl y substanti al Ty free of superabsorbent mater 1 al . For 
35 purposes herein, "substantially free" means less than about 2.0%, 
preferably less, than about 1.0%, more preferably zero or 
essentially zero percent sup&abspTbejvt material. As used herein, 
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The fluid distribution function of the acquisition/distribu- 
tion layer is of particular importance In order to more fully 
Utilize the capacity of the storage section. The presence of 
substantial amounts of superabsorbent materials in the 
5 acquisition/distribution layer which swell upon contact with 
fluids is believed to adversely affect this function of the 
acquisition/distribution layer. 

A variety of other factors relating to the fluid acqui- 
sition/distribution layer of the absorbent structures herein can 
10 be of importance in determining the effectiveness of the resulting 
absorbent articles. These include shape, basis weight, density, 
permeability, capillarity and wlcklng ability, the type and 
structural Integrity, and character of the fibrous material 
utilized. As Indicated, the acquisition/distribution layer of the 
15 core is preferably elongated. For purposes of this invention, 
this means that the acquisition/distribution layer, like the 
storage layer, is elongated 1f 1t Is of unequal length and width 
In the unfolded, flat configuration. The acquisition/distribution 
layer in the unfolded configuration can be of any desired shape, 
20 for example, rectangular, trapezoidal, oval, oblong or 
hourglass-shaped. The shape of the upper fluid acquisi- 
tion/distribution layer of the core can, but need not necessarily, 
correspond to the general shape of the storage layer. The top 
surface area of the acquisition/distribution layer preferably Is 
25 from about 25% to about 95%, preferably less than about 90%, of 
the top surface area of the storage layer, and preferably does not 
extend beyond the edge of the storage layer at any outer boundary. 
The acquisition/distribution layer will typically have top surface 
area less than about 80% of that of the storage layer. However, 
30 It 1s not meant to necessarily exclude from the Invention 
embodiments wherein the top surface area of the 
acquisition/distribution layer is significantly larger than the 
top surface area to the storage layer. 

Preferably, there Is a margin from the edge of the 
35 acquisition/distribution layer to the edge of the storage layer of 
at least about 0.5 cm, preferably at least about 1.25 cm, in the 
regions proximate to where fluid Is discharged during use. In 
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"lower 11 refers to the; f^er of the absorbent core which is nearest 
to and faces the irt1%lj^backsNef . >v 

Optionally, the ^ ^ffi^b^qrb^t niaterfal -containing storage 
layer can be envel^ed Mth a lissiie sheet or other fluid-pervious 

5 sheet to obviate us^^fecf^rns with loose superabsorbent material. 
Acouisition/DistiHbfet^Laver ^ 

One essential .eVi&^ structures hereof is 

an upper fluid ^ijti&t^ layer which comprises a 

combination of a hydi^hi^ material, described more 

10 fully hereinafter, tj^s fluid ^qu1sition/d|?;tribution layer 
serves to quickie c^leH and temporarily hold * discharged body 
fluid. A port 1 di • o^ %chargetf ] f ] u1 d may, depending upon the 
wearer's positio^^raefee the^^is^ti on/distribution layer and 
be absorbed by tire &#&ge layef' in the area proximate to the 

15 discharge. However; ^ttte ftyid is typically discharged in 
gushes, the storage layfeiHn such aria may not absorb the fluid as 
quickly as it f!s ^discha^ged- therefore, the upper 
acquisition/distfibut-fo* 1 ayer hereof also facilitates transport 
of the fluid ft^ tfe of Iffftial fluid contact to other 

20 parts of the at^fsUic^dm the context of 

the present invention, ^it should bei. noted that the term "fluid" 
means "liquid." * v ; : 

As previously note<f^.the f^id acquisition/distribution layer 
is a web comprising st^ferigd cfellulosic fibers. The acquisition 

25 layer comprises ?fom ! ab^. 50% to 90% of these fibers and from 10% 
to about 50% of !i ^e^rmopl aSt "f c*!. . boriding materi al . The 
acqulsition/distribut^piyer *fs m||e; by preparing a web of a 
blend of the stiffene^Refs and^^^ about 10% to about 50%, by 
weight of the tfr7 ^ heating the web to 

30 melt the thet^|fta^i v fib^sr'^d thereby provide said 
thermoplastic bonclfng nsSSrial (alternately, said "thermoplastic 
material"}, ' arid cool irtl^the WebV J whereby said thermoplastic 
fibers, upon melting 'and siubsep^t vcopl ing, form bond sites at 
intersections of said &tf f ened filfef s 1 The thermoplastic fibers, 

35 upon thertfcl b~6^ of a web with 

-**v "Sv; . •! : *'*r --. a- 
Increased effective a^#|, tntef -fiber pore size of the web. 

.rr\ -ISA- ■■■ 
-** ■■ . ■ 

• ^ . ■ ■ - ii • -5 • . " 

u 
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polyoleflns. Such topsheets can have tapered capillaries of 
certain diameter and taper positioned In the topsheet to permit 
flow of discharged fluid through the topsheet into the underlying 
absorbent core of the article. 

The topsheets used in the articles of the present invention 
should be relatively hydrophobic 1n comparison with the absorbent 
core of said articles. Topsheet construction is generally 
disclosed in Davidson, U.S. Patent 2,905,176, Issued September 22, 
1959; Del Guercio, U.S. Patent 3,063,452, Issued November 13, 
1962; HolUday, U.S. Patent 3,113,570, Issued December 10, 1963, 
and Thompson, U.S. Patent 3,929,135; Issued December 30, 1975; 
which patents are Incorporated herein by reference. Preferred 
topsheets are constructed from polyester, rayon, rayon/polyester 
blends, polyethylene or polypropylene. The topsheet can be 
IS treated with surfactant to make 1t more wettable and therefore 
relatively less hydrophobic, to thereby increase fluid flow 
through 1t at least upon Initial wetting. However, the topsheet 
should still be more hydrophobic than the absorbent article 
element which receives fluids after passing through the topsheet. 
20 An absorbent core, which 1s preferably flexible, is 

positioned between the elongated backsheet and the topsheet to 
form the absorbent articles herein. This core essentially 
comprises both an upper fluid acquisition/distribution layer and a 
lower fluid storage layer. It should be understood that for 
25 purposes of this invention these two types of layers refer merely 
to the upper and lower zones of the absorbent core and are not 
necessarily limited to single layers or sheets of material. Thus 
both the fluid acquisition/distribution layer and the fluid 
storage layer may actually comprise laminates or combinations of 
several sheets or webs of the requisite type of materials as 
hereinafter described. The storage layer can comprise a single 
sheet of essentially 100% superabsorbent material, as will be 
hereinafter described, or can include a carrier. As used herein, 
the term -layer 0 includes the terms "layers" and "layered." For 
35 purposes of this invention, 1t should also be understood that the 
terra "upper" refers to the layer of the absorbent core which 1s 
nearest to and faces the article topsheet; conversely, the term 
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intermediate members **0> In Ju^n are affixed %o the backsheet. 
Preferably, the^plhe^and^^heet are joined directly at the 
diaper periphery by a^ive or; other attachment means known in 

Especially preferrW absent articles of this invention are 
disposable diapers. #ticles f 4n the form of disposable diapers 
are fully descrSdln 'fcan af ^er, U.S. Patent Re 26,151, 

issued January 31, : &$ : $^'AQh Patent 3 ' 592 ' 194 ' 1,,u * 
July 13, 1971; V buncan a^ Je^e^ I-S. Patent 3,489,148, Issued 
January 13, 1970; and Bu^^.U.i: ^ 3,860,003, Issued January 
14, 1975; which"p^en^#e incorporated herein by reference. A 
preferred disposable* dgper for^h* purpose of, this invention 
comprises an abso^ent a .topsheet .superposed or co-extensive 
with one face of thV'core, jgrf a liquid impervious backsheet 
superposed or co-exteh^W witK the ,f ace of the core opposite the 
face covered by ke topfbeet, Both # backsheet and the topsheet 
most preferably ha% a *rf# greater than that of the core thereby 
providing side marginal^rtio^, of the backsheet and topsheet 
which extend beyond' the^ore. frequently the backsheet and the 
20 topsheet will be f used ' f g^h^ side marginal portions. 

The diaper is p^ configuration 
such as, but noi lilted to, an hourglass shape. 

The backsheet ; of the articles herein can be constructed, for 
example, from a tl>1n, plast|C film of polyethylene, polypropylene, 
25 or other flexible meisture impeding material which is 
substantially water impervious. Polyethylene, having an embossed 
caliper of appro^matetO.f mils/ ^.especially preferred. 

The topsheet^ of "thil^lc^ h^eln can be made 1n part or 
completely of synthetic fibers Vpr films comprising such materials 
30 as polyester, polyokf in,; rayon the like, or of. natural fibers 
such as cotton. In nonwoven topsheets, the fibers are typically 
bound together by "a thermal .binding procedure or by a polymeric 
binder such as polyacryfate. This sheet is substantially porous 
and permits a ^utd ^ readily pass therethrough into the 

35 underlying absorbent ^cori*. , ..... 

Another ; suitable |type of tops^ejt comprises the topsheets 

formed from liquid lijeervipus.. polymeric material such as 
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hereinafter described. Suitable superabsorbent material 
categories include polymeric absorbent gelling materials, 
typically utilized in the form of discrete particles, and 
superabsorbent fibers, such as acrylate grafted fibers and 
superabsorbent modified cellulosic fibers. 

BRIEF DESCRIP TION OF THF nRAUTHfiS 
Figure I represents a perspective view of a diaper with an 
absorbent core having the multiple layer configuration of the 
present invention. The absorbent core shown has a 
rectangular- shaped acquisition/distribution layer and an hour 
glass-shaped storage layer. 

Figure 2 represents a perspective view of a diaper structure 
similar to Figure 1, but wherein the storage layer has a modified 
hour-glass shape. 

Figure 3 represents a direct view of an absorbent core useful 
for diaper applications, such as in Figures 1 and 2, wherein the 
core has a ■orfified hour glass-shaped storage core and a similar 
hour glass-shaped acquisition/distribution layer. 

DETAILED DESCRIPTION OF THE INVENTION 
The absorbent structures of the present Invention can be 
utilized in disposable products which are capable of absorbing 
significant quantities of body fluids, such as urine and water in 
body wastes. Such articles may be prepared in the form of 
disposable diapers, adult incontinence briefs, adult incontinence 
pads and the like. 

The absorbent articles herein generally comprise three basic 
structural components. One such component 1s a liquid impervious 
backsheet. On top of this backsheet is disposed an absorbent core 
which itself comprises two distinct layers, and which Includes a 
superabsorbent material in one of the layers. On top of this 
absorbent core and joined to the backsheet is a water pervious 
topsheet. The topsheet is the element of the article which is 
placed next to the skin of the wearer. As used herein, the term 
•joined* encompasses configurations whereby the topsheet Is 
directly joined to the backsheet by affixing the topsheet directly 
to the backsheet, and configurations whereby the topsheet 1s 
Indirectly joined to the backsheet by affixing the topsheet to 
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The storage layer coaprisesrat least about 15%, by weight, of 
superabsortemt" uaterial. ^nd front 0% to about 85% of a carrier 
aeans for the superabsbrtent material* The fluid acquisition/dis- 
tribution layer prej^epably contains no more than about 6.0% of 

5 superabsortent aateriafeand is more^ preferably substantially free 
of superabsorbent naterial . For purposes herein, "substantially 
free" scans less than about 2. 0%»« preferably less than about 1.0%, 
■ore preferably zero ofc. essentially! zero percent superabsorbent 
material. . A*' herela,^ ^essentially zero" percent 

10 superabsortent, materia^ means low ainounts (less than about 0.5%) 
of superabsorbent materia^ present In the acquisition/distribution 
layer whici is incidental to the contact or close proximity of the 
superabsortent-contai ning storage) layer with the 
acqul si ti ot/distribution layer. * 

15 The fl aid acquisition/distribution layer will have a top 

surface area rfiich is- at least 15% of the top surface area of the 
storage 1 ayer in unfolded pi anar ^fnf 1 guratidn . In preferred 
embodiments* of the invention, the fluid acquisition/distribution 
layer has a top surface area which is from about 25% to about 

20 100%, more preferably T%s than about 90%, of the top surface area 
of the fluid storage; li^r. However; it is not meant to exclude 
from the invention embod^nts whereit the top surface area of the 
acquisition/distribution layer is-jequal to or larger in surface 
area than the storage layer."- ."■:„■./-■£■. 

25 The absorbent structure can ber advantageously utilized as the 

absorbent care in absorbent articles?' e.g., disposable diapers and 
incontinence brtefs^*$$|p also comprise a fluid pervious topsheet 
and a naid impervious bjieksheet affixed to the topsheet, wherein 
the absorbent core is>: disposed • therebetween. The absorbent core 

30 is positioned soch that, the acquisition/distribution layer is 
located between the tdpsheet and the storage layer, and the 
storage layer is located between the acquisition/distribution 
layer and the backs heet. 1 

The s^rabsprfent irttertal *sedMn> the storage layer has an 
35 Absorbent Capacity ; of ^ a|!1 east, abwt 10 grams of Synthetic Urine 
(1.0% MaCl aqueous (distilled water) solution) per gram of 
superabsortent material^ measured According to the test procedure 
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distribution and acquisition performance, especially with respect 
to successive fluid discharges. 

Accordingly, the present invention provides improved 
absorbent structures, and .elements for use therein, as well as 

5 absorbent articles utilizing such structures, utilizing a multiple 
layer absorbent core that effectively and efficiently acquires the 
wearer's discharged body fluids upon initial and successive 
discharges, transports acquired fluid, from both Initial and 
successive discharges over a relatively large proportion of the 

10 absorbent structure surface area, and stores such discharged 
fluids. 

SUMMARY OF THF TNVFNTTON 
The present invention provides an absorbent structure, which 
is particularly useful as the absorbent core in disposable 
15 absorbent articles such as diapers and Incontinence briefs, and 
which comprises: a) a thermally-bonded fluid acquisition/distri- 
bution layer having an average dry density of less than about 0.30 
g/cc, saturation with 1% NaCl aqueous solution, on a dry weight 
fiber basis, of less than about 0.20 g/cc, and an average dry 

20 basis weight of from about 0.001 to about 0.10 g/cm2; and a fluid 
storage layer, positioned, beneath the acquisition/distribution 
layer. The acquisition/distribution layer comprises a web of from 
about 50% to 90%, by weight, chemically stiffened cellulosic 
fibers and from 10% to about 50%, preferably from about 30% to 

25 about 45%, by weight, of a thermoplastic bonding material, wherein 
the acquisition/distribution layer is made by preparing a web of a 
blend of the stiffened fibers and from about 10% to about 50%, by 
weight of the dry web, thermoplastic fibrous material, heating the 
web to melt the thermoplastic fibers to provide said molten 

30 thermoplastic bonding material, and cooling the web, whereby 
thermoplastic bonding material, upon melting and subsequent 
cooling, migrates form bond sites at intersections of said 
stiffened fibers. The thermoplastic fibers, upon melting, 
migraton, and thermal bonding, facilitates formation of a web with 

35 Increased effective average 1nter-f1ber pore size of the web. 
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twisted, curled :CelluT^fee fibers 'and fro. about 15* to 60*. by 
weight, of toorbent ottlog arterial. The upper layer serves the 
principal purpose of acquisition and distribution of bodily fluid 
discharges. The stiffened, twisted',' curled fibers are highly 

5 ^ rt *^«.^» S ^ ! ^»-l W r. which ,s necessarily 
smaller than idle upper Ta^i 1s principally for fluid storage 

Another absorbent -atHcture which has been proposed' 1s 
described in U.S. W#«^ s, c. Heyer et ,1., issued 
January 17. 1789, tltl^-Tibs^t Article Haying a Hydrophobic 

W Transport layer. V, A^suggest^ >*y the title, this patent 
describes an absorbent article With a hydrophobic transport layer, 
made from known hydrophftft synthetic fibers. The transport layer 
" p " 1t '^, b ^y:,topsneet 'W a, absorbent body. The 
absorbent body , f ^fcf,,, hydrophlilc then the transport 

15 ayer. The purpode^, the transport layer 1s to act as an 
insulating l V er between thrf tepsheet and the absorbent body, to 

ZZJZ of whether the structures 

described therein «eet &1s objective, thd hydrophobic nature of 

0 *** iwer of USS. : Patent 4,778,603 would be expected to 

t aV ,.,sr' d "^ ^f"™ -» ™* f»^rt proper " u . 
at leest insert, to the hydrophobic^ %f the transport layer 
T^ s would be particularly so for second and successive fluid 
discharges, after which any optional surfactants have been washed 

dWajf* 

5 h,„. * b!or ^ n V trBCtUrei tart "' *t»"7 "onded cellulosic webs 
have been disclosed in various references. See, for example u s 
^ ent ,, 570,1,4, •■>. |.' issued Hay *, T« £ 
Thermal!, Bonded Absorbent Pads - T|e Next Generation?- by p. «. 

1 "r mns , * «-*- *<« disclose 

fibers and thermoplastlKjftbersV ; Both of these references limit 

«*rs r"? S ,* ®*^#>^ conventional cellulosic 
fibers, and contemplate relatively low levels binder (1 e 15* in 
Blther, and no more than 25* in Holtmin). 

Notwithstanding the existence of absorbent articles of the 
type described above, there is . need to Identify further £J£ 
configurations for absorbent articles which provide im^ved n U 



WO 91/11162 



PCI7US91/00168 



reached. After a discharge of fluid occurs, the fluid tends to 
main situated in the region proxinate to the discharge. The 
occurrence of successive voiding of fluid creates a driving force 
to laterally transport the previous fluid and newly discharged 

5 fluid. However, actual performance of the absorbent article is 
limited by the ability to have the fluid transported to the 
farther reaches of the core. In this regard, even in the absence 
of polyneric galling material, the overall absorbent capacity of 
conventional absorbent diaper cores is generally incompletely 

10 utilized prior to failure, i.e., leakage, of the absorbent 
article. 

Yet another reason for leakage in conventional absorbent 
articles is the propensity of the cellulosic fibers conventionally 
utilized for fluid acquisition and distribution to collapse upon 

15 wetting, thus impairing peraeability of the structure. 

It is as sbject of this invention to provide superabsorbent- 
containiag abscrbent structures which can circumvent the problems 
of gel blocking which can consequently utilize an increased 
proportion of their absorbent capacity. 

20 lt *s » further object of this invention to provide 

superabsorbeat-containing absorbent structures which can acquire 
fluid rapidly in the region of discharge and transport the fluid 
over relatively large proportion of the absorbent structure 
storage area and, additionally, be capable of effectively 

25 acquiring and distributing discharged bodily fluid from second or 
other successive voiding. 

It is yet another object of this invention to provide 
absorbent structures which are capable of meeting the objects 
described above which are of a relatively thin design. 

30 One absorbent structure which has been suggested is described 

In U.S. Patent Ho. 4,935,022, issued June 19, 1990 to G. R. Lash 
and L. R. Thompson. This patent discloses disposable absorbent 
articles comprising a layered absorbent core positioned between a 
backsheet and a topsheet, wherein the absorbent core comprises an 

35 upper layer of stiffened, twisted, curled cellulose fibers and 
requires from about 3* to 15%, by weight, of large particle 
absorbent gelling material and a lower layer of stiffened, 



WO 91/11162 



PCI7US91/00168 



- 3 - 



25 



30 



35 



do this would be /to^tyerease ;the level of polymeric gelling 
material in the absor^it core.. Unfortunately, high levels of 
polymeric gelling material, ..(especiaTly levels in excess of about 
15X) in fibrous^bs typically used 1n absorbent cores tends to 
5 induce . a phenbTne^^ref erred : 40 as gel -blocking. Gel-blocking 
occurs when the po1ym|iHc : ^e$Ung materi al located in regions 
first contacted with fj^jf ^fease^p volume as a consequence of 
imbibing the ffcid aB^^rm^i# Othe. hydrogel. When polymeric 
gelling ■ateria^oncei^tio^s^po high; the hydrogel can block 
10 additional fluid from ^fe^ ofe regions of the core having 
unused absorbent capaqm* The qc|trrence of gel blocking can 
lead to leakage d^ing j^e of^^ absorbent article. 

Polymeric gell iag been developed which can 
exhibit a reduce! tenancy to result in = gel blocking. Such 
15 materials are de^crtl^p:^ ^nt RE 3jj,«49, April 19, 1988, 
Brandt/Sol dman/Ingl in . ^Weve^^hese improved polymeric gelling 
materi al s, and oih§r ^erebsoVbent materials , are subject to 
performance limitations ^fj$fa :^6f cellulosic fibers in which 
particles of gelling;, ma|eriai 'a^ifstributed. In particular, 
20 upon initial wetting, tj^eelju^sic jfibers become highly flexible 
and the web teids^ collapse !%o a higher density and, 
consequently, exhibits" ^lar aVecage pore^kel Whereas, pore 
size becomes .smaller thj^ the pore sizeitp iregions of the web not 
yet wetted, a cap*lla&' gradient ir^creafed which opposes 
efficient transport f of jfjujids dry areas of the absorbent 
article. vio^ 

Another reason t^r many; absorbent articles such as diapers 
are subject to leakage*,!.? inabifty to" absorb second and 
subsequent discharges of fluid even jf the first fluid discharge 
has been effectively absorbed* Leakage due to second and 
subsequent discharges isJespecltMyvprev^ent during the night, 
-hen users commonly- ^rience mun|pie u #scharges before being 
att * nded t0 ' fit reason -for the inability of many absorbent 
articles to adequately j^dle multiple discharges of fluid, In 
addition to the reasons ^scussed ^aboveV 1s the inability of the 
absorbent cpre to transport discharged; fluid away from the region 
of discharge once, the >^prbent capacity of that region has been 
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absorbent articles such as diapers which employ relatively thin 
absorbent cores and which are, therefore, relatively thin 
products. Thinner diapers are less bulky to wear and fit better 
under clothing. They are also more compact in the package, making 

5 the diapers easier for the consumer to carry and store. 
Compactness in packaging also results in reduced distribution 
costs for the manufacturer and distributor. 

One such absorbent core configuration which is useful for use 
as the absorbent structure in relatively thin absorbent articles 

10 is disclosed in U.S. Patent No. 4,765,780, issued August 23, 1988 
(Angstadt). This patent discloses absorbent articles, such as 
diapers, which have a two layer absorbent core configuration 
wherein the core comprises an upper primary layer and a lower 
dusting layer. The primary layer is an airlaid web of hydrophilic 

j 5 fiber material with a substantial amount of absorbent gelling 
material admixed therewith. The dusting layer comprises 
hydrophilic fiber material and, preferably, contains no absorbent 
gelling material. 

Another absorbent core configuration is disclosed in 

20 tfeisman/Houghton/Gellert, U.S. Patent No. 4,673,402, issued June 
16, 1987. This patent discloses absorbent articles having a dual 
layer absorbent core. In the dual layer configuration, the core 
comprises an upper primary layer which is an airlaid web of 
hydrophilic fiber material, optionally with a small amount of 

25 polymeric gelling agent particles admixed therewith. The core 
also comprises an underlying insert layer which is an airlaid 
mixture of hydrophilic fiber material and a substantial amount of 
polymeric gelling agent particles. This insert layer is generally 
positioned toward the front of the absorbent article such that 

30 more than half of the polymeric gelling agent material in the 
article is found in the front half thereof. Absorbent articles 
having the particular dual layer configuration of the '402 patent 
can be prepared in the form of especially thin, highly effective, 
low leakage diaper products. 

35 Notwithstanding the existence of absorbent cores as described 

above, there remains a need to provide absorbent cores with 
improved effective absorbent capacity. One way to theoretically 
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ABSORBENT STATURES CONTAINING THERMALLY -BONDED 
STIFFENED FIBER^ER AND SUPERABSORBENT MATERIAL LAYER 



F|1LD OF THE INVENTION 

This invention relltfes to abscirbent structures using both 
stiffened celTuTosic fiber raatfe^faT and superabsorbent material. 
The absorbent structures can be used in a variety of absorbent 
articles such as di spes^blivdi apers , adult incontinence pads and 
briefs and the like whi^'are r&qiii red to handle relatively large 
amounts of dischargedlJjpiy :^'ffuf^ : ^es|^c1aY , fy'!'r8peated discharges 
of relatively large ^ottrtts of fluhid; in Relatively short amounts 
of time. : 

- BACKGROUND' W TKE INVENTION 

Absorbent webs Whf<^h comprise entangled masses of fibers, 
i.e., fibrous webs, atie* well known in the art. Such webs can 
imbibe liquids, such &$ -^is^irgeft body fluids, both by an 
absorption ,mechanisrti wh&iirein flui$ is taken up by the fiber 
material itself and by a wi eking mechanism wherein fluid is 
acquired by, distrtbu^t through ind stored in the capillary 
interstices 1 between fibers. One means for improving the 
absorbency characterfitics of such fibrous web structures is to 
incorporate therein superabsorbent Iberia! , such as as polymeric 
gel 1 ing materi af {al£o isylf ^rred to a$ hydrdgel -forming materi al 
superabsorbent j fp^lymer^V etc?.) which imbibe fluid. The 
superabsorbent material ^rves tb iretatin fluid such as discharged 
body liquids; An absorbent strqettrre of this type wherein 

• . V.-* 

hydrogel- forming materials in p^rifculate form are incorporated 
into fibrous webs is disclosed in Weinman and Goldman; U.S. Patent 
4,610,678; Issupd^|«embe^ 

The improvement fn absorbgfecy provided by incorporation of 
absorbent gel lirig materials has permitted the realization of 
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(57) Abstract 

Absorbent structures (100) comprising a thermally-b(jnde4 fluid ac^isirion/distribution layer (10) comprising from about 
% to about 50 % thermoplastic bonding material and ftpfi about 50 % to about 90 % of chemically stiffened cellulosic fibers 
d, positioned beneath said fluid acquisition/^^ layer (106) comprising at least about 15 % by 

ight, superabsorbent material. The thermallv-bomied fliiiiifcacctir^^ lavw u a «/pK 



^^n/distribution layer is a web comprising the chemically 

by blending the stiffened fibers with the thermoplastic bond- 

jg the web to melt fce'thermoplastic fibrous material, and cooling the 



10 

and, 



weight, superabsorbent material. The theimaUy-jbonded 
stiffened cellulosic fibers and thermoplastic bonding i 
ing material when in a fibrous form, forming the web, 
web. 



